Background and Purpose-It is generally assumed that risk factors affect extracranial carotid intimal-medial thickness similarly among all arterial segments. This assumption underlies use of single segments or walls of segments as outcome variables for risk factor studies and clinical trials. However, if the impact of risk factors was unequal for various segments or circumferentially asymmetrical within segments, then inferences drawn from a single segment or wall might not be generalizable; furthermore, since individual segments and walls have unique histological characteristics and are differentially exposed to turbulent flow, risk factor relationships with a particular segment or wall may provide inferences regarding pathogenesis of atherosclerosis. Methods-We evaluated associations of risk factors with intimal-medial thickness at the near and far walls of the common carotid artery, bifurcation, and internal carotid artery in 280 individuals older than 45 years equally divided between coronary artery disease cases and controls and between men and women. Results-The patterns of differences in mean intimal-medial thickness among segments vary, depending on age, history of hypertension, body mass index in women, and coronary (case-control) status. The asymmetry of disease depended on blood glucose concentrations, prior history of diabetes, smoking, and coronary status. Sex, postmenopausal status, LDL cholesterol, systolic blood pressure, and history of myocardial infarction all had statistically significant relationships with intimal-medial thickness that were fairly homogeneous among arterial sites. Conclusions-Focus on an individual segments or walls of the extracranial carotid arteries may lead to overestimation or underestimation of associations of risk factors with extracranial carotid intimal-medial thickness.
W e have previously quantified associations of traditional risk factors with a summary index of extracranial atherosclerosis defined as the aggregate (sum) of intimal-medial thicknesses (IMTs) derived from 12 sites of the extracranial carotid arteries (extracranial carotid IMT) in patients with and without coronary artery disease (CAD). 1 Subsequently, several investigators have evaluated associations of risk factors with other aggregate indices, such as average IMT, or with numbers of plaques (reviewed, eg, in References 2 and 3). In general, investigators have computed these aggregate indices from IMT measured at the near and far walls of the common carotid artery, bifurcation, and internal carotid artery, combining information from the left and right sides (eg, Reference 4), or else they have restricted measurements to the far wall of the common carotid artery (eg, Reference 5) . Restricting measurement to the common segment has been justified by the greater reliability of IMT measurements from this site and, conversely, the difficulty in obtaining measurements from the internal carotid and the bifurcation in some populations. 6 However, protocols that involve additional segments have several advantages. First, plaques are most often found in the bifurcation and the internal carotid artery. Thus, including these sites may provide the most sensitive and statistically powerful assessment of disease and disease progression. Second, aggregating data across segments may provide measures that are less sensitive to measurement error; data from the Asymptomatic Carotid Artery Progression Study (ACAPS) indicate that averaging across greater numbers of walls increases the stability of the measure. 7 Finally, restricted protocols carry the implicit assumption that risk factors affect walls and segments in a homogeneous fashion. However, it is conceivable that certain risk factors might have different associations with different segments (or near or far walls) of the extracranial carotid artery. In particular, stronger associations of risk factors with IMT of the bifurcation and internal carotid artery compared with associations with the IMT of the common carotid artery may be hypothesized on the basis of the greater turbulence of flow identified at those sites. If the associations with IMT of the bifurcation or internal carotid were stronger than with IMT of the common carotid artery, then focus on the common carotid may underestimate the importance of such risk factors. Alternatively, it is possible that certain risk factors might relate more strongly to eccentric atherosclerosis involving far walls more than near walls or vice versa. In the former case, estimates based on far walls alone might overestimate the true strength of association. Finally, certain risk factors might affect all segments and both walls of the extracranial arteries in a uniform fashion (homogeneous atherosclerosis). Observance of different associations of individual risk factors with various segments or walls may enlarge our understanding of the pathophysiology of vascular disease.
The purpose of this communication is to evaluate risk factors for their potential to affect differentially one or the other segments or walls of the extracranial carotid arteries in a population of patients that has been well characterized for its coronary status.
Subjects and Methods

Population
The population recruited for this study has been described previously and was drawn from individuals who underwent cardiac catheterization at the Wake Forest University School of Medicine to define the status of coronary atherosclerosis. 8, 9 Inclusion criteria included age Ն45 years and catheterization that identifies cases (Ն50% stenosis of 1 or more vessels) and controls (no lumen irregularities). Equal numbers of cases, controls, men, and women were recruited according to a stratified random sampling strategy. Patients with coronary stenosis of Ͻ50% were excluded ("nonobstructive" coronary disease). Exclusion criteria included clinical instability (patients with myocardial infarction within the last 6 weeks, cardiogenic shock, or other evidence of clinical instability), previous coronary bypass surgery or angioplasty, use of certain medications, or presence of certain clinical conditions that would alter plasma lipids (use of hypolipidemic drugs, thyroid medication, cortisone; liver disease; alcohol abuse; creatinine Ն2.5; presence of cancer). In addition, patients with history of carotid endarterectomy were excluded. Participants all provided informed consent.
Clinical Evaluation
Trained interviewers collected pertinent medical history and risk factor profiles from all participants at a preventive cardiology outpatient clinic within 6 to 8 weeks after catheterization. These included heart and vascular disease history, vascular disease risk factor status, menstrual status, medication use, and prior diagnostic evaluations. Clinic coordinators also measured height, weight, and blood pressure. Blood was drawn for laboratory analyses. The presence of hypertension was defined by history of the disease, a systolic blood pressure Ͼ150 mm Hg, or a diastolic blood pressure Ͼ90 mm Hg. The presence of diabetes was defined by history of the disease or by a fasting glucose level of Ͼ140 mg/dL. Smoking status was recorded as the number of pack-years smoked.
Lipoprotein Analysis
Plasma total cholesterol and triglyceride concentrations as well as lipoprotein cholesterol concentrations were quantified in the Centers for Disease Control and Prevention-standardized Lipid Laboratory of the Wake Forest University School of Medicine according to the Lipid Research Clinics Program. 9 Cholesterol and triglyceride determinations were performed on the Technicon RA-1000 with the use of enzymatic methods. The heparin-manganese precipitation procedure described in the Lipid Research Clinics manual was used to isolate plasma HDL for assay of its cholesterol concentration. For the HDL cholesterol assay, the RA-1000 enzymatic method was used with the substitution of the Technicon reagent by the BoehringerMannheim high-performance cholesterol reagent. HDL and LDL cholesterol were recovered after ultracentrifugation (in the 1.006 infranatant), and LDL was quantified as the difference between the 1.006 infranatant cholesterol and the cholesterol in the infranatant after precipitation of LDL.
Ultrasound
The ultrasound methodology for this study has been previously described. 8, 9 A Biosound 2000 II s.a. high-resolution ultrasound unit equipped with an 8-MHz transducer was used. Images were transcribed on a super VHS one-half-inch videotape. A RMI 414B tissue-mimicking phantom was used to monitor and ensure instrument performance. Sonography and reading were accomplished by trained and certified sonographers and ultrasound readers with regular quality control. Patients were examined in the supine position; each carotid wall and segment was interrogated independently from continuous angles to identify the thickest intima-media site. Each scan of the common carotid artery began just above the clavicle, and the transducer was moved cephalad through the bifurcation and along the internal carotid artery. Three segments were identified on each side: the distal 1.0 cm of the common carotid proximal to the bifurcation, the bifurcation itself, and the proximal 1.0 cm of the internal carotid artery. At each of the 3 segments for both the near and far walls in the left and right carotid artery, the sonographer identified 2 interfaces: on the near wall the first interface (interface 2) is the adventitial-medial boundary, and the second (interface 3) is the intima-lumen boundary; on the far wall the first interface (interface 4) is the lumen-intima, and the second (interface 5) is the media-adventitia. Thus, 2 to 3 and 4 to 5 define IMT on the near and far walls, respectively. When these interfaces were (separately) demonstrated, the sonographer reduced gain and time gain control setting as low as possible to decrease artifact and then recorded the video images that included the maximum 2 to 3 and 4 to 5 IMT at each of the 12 segments. The sonographer focused on the near and far walls separately (multiple focus zones). Readers examined the videotapes and identified frames that demonstrated the maximum 2 to 3 and 4 to 5 IMT within each segment. Frames were captured electronically and displayed on high-resolution monitors, and maximum IMT was calculated at each of the 12 sites (near and far walls of the common carotid, bifurcation, and internal carotid on the left and right sides). The mean absolute difference in replicate measurements of the internal carotid artery with the use of this protocol was 0.11 mm.
Statistical Analysis
Laird-Ware models for clustered data 10 were fitted to the IMT data with the use of maximum likelihood 11 to compute segment-, wall-, and side-specific means and pooled SEs. This approach, rather than calculating raw means, provides some protection against biases associated with nonvisualization 12, 13 and appropriately addresses intersite correlations. Comparisons among means from different segments, walls, or sides were made with Wald tests. 11 The consistency of segment differences between the near and far walls was assessed by incorporating an interaction term in these models. Similar approaches were used to assess relationships between predictors and IMT for subgroups of sites and to assess the consistency of these relationships among these subgroups. These analyses were performed for all participants and separately for cases and controls.
Results
A partial roster of demographic features and risk factor data for male and female cases and controls has been reported previously. 8, 9 A full enumeration of those data is presented in Table 1 . By design, equal numbers of male and female cases and controls were recruited. Cases were older and more likely to be diabetic, hypertensive, smoke cigarettes, and have higher plasma concentrations of total and LDL cholesterol and lower concentrations of HDL cholesterol. Table 2 presents the mean maximum extracranial carotid IMT by site for the 12 sites visualized in cases and controls in this study and for the group as a whole. Analyses revealed statistically significant differences among segments (greatest at the bifurcation and least at the common; PϽ0.0001) and between the near and far walls (far walls thicker; PϽ0.0001). No statistically significant differences were observed between the left and the right sides (providing rationale for pooling these data). There was a statistically significant interaction between walls and segments (PϽ0.0001): the difference between near and far walls was greatest at the bifurcation and least at the common (PϽ0.0001). These differences held not only for the group as a whole but also for the cases (PϽ0.001) and controls (Pϭ0.002) separately. Tables 3 and 4 summarize relationships between risk factors and IMT of individual segments, individual walls, and all sites combined. Also included is the level of statistical significance for heterogeneity of these relationships among individual segments or between near and far walls. Although statistically significant associations of risk factors with seg- ments, walls, and all sites combined are illustrated in this table, the focus of this communication is related to level of statistical significance for differences in these associations among segments and between walls. For the group as a whole, statistically significant differences (PϽ0.05) in relationships among segments were noted for age (strongest effect at bifurcation), prior history of hypertension (strongest effect at internal), body mass index (BMI) in women (strongest negative effect at bifurcation), and CAD status (strongest effect at bifurcation and internal segments). Statistically significant differences in risk factor relationships between walls were noted for glucose, prior history of diabetes, pack-years of smoking, and CAD status (which in all cases were stronger at the far wall). Sex, personal report of postmenopausal status (no menstrual periods for Ͼ1 year), LDL cholesterol, systolic blood pressure, and history of myocardial infarction each had statistically significant relationships with IMT at individual segments and/or walls, and these relationships were fairly homogeneous (ie, interactions were not significant).
In analysis restricted to cases, associations between IMT and age and prior history of hypertension varied among segments, similar to the group as a whole, and blood glucose and pack-years of smoking appeared to affect far walls more than near walls. In addition, for the group as a whole, systolic blood pressure was associated with increased IMT of all sites, but no segment or wall was uniquely affected.
Among controls, although many risk factors (age, sex, blood glucose, prior history of diabetes, pack-years of smoking, BMI, menopausal status, prior history of hypertension) were related to IMT (eg, 1 segment, 1 wall, or all sites), these relationships did not vary significantly among segments or between walls.
Discussion
It appears rational that the associations of risk factors with extracranial carotid atherosclerosis should be homogeneous and that all segments and both walls should be equally affected. Furthermore, the repeatability of IMT measurements varies among segments and is greatest for far walls and common segments. 6 These considerations support use of B-mode protocols that focus exclusively on the far wall of the common carotid artery. Few investigators have explored the possibility that risk factor associations might differ among segments of the extracranial carotid arteries. Tell et al 14 reported that age, hypertension, and cigarette smoking affected all segments evaluated equally, while sex and diabetes appeared to affect the bifurcation and internal carotid more than the common 14 also noted that whites and blacks appeared to have similar distributions of IMT of the common carotid artery but that whites tended to have greater IMT in the bifurcation and internal carotid. The Cardiovascular Health Study reported segmentspecific differences in relationships between IMT and race: common carotid IMT was thicker in black than white men and women, while internal carotid IMT was significantly thicker in white women. 16 In the Insulin Resistance Atherosclerosis Study (IRAS), blacks had greater mean common carotid IMT than non-Hispanic whites, and there was no significant difference in internal carotid IMT between blacks and non-Hispanic whites. Hispanics had lesser common carotid IMT than non-Hispanic whites and no differences in internal carotid IMT. 17 The IRAS has also shown greater common carotid IMT (but not internal carotid IMT) in established compared with newly diagnosed diabetics. 18 In a study comparing IMT in Mexico City residents with Mexican Americans living in San Antonio, Tex, age, male sex, high total cholesterol, low HDL, and high systolic blood pressure were associated with both common carotid and internal carotid IMT, whereas smoking was significantly associated only with internal carotid IMT. Common carotid and internal carotid IMT were both higher in diabetic than nondiabetic participants. 19 In the European Vascular Aging Study (EVA), diabetes and smoking were associated with IMT of the common carotid but not plaque (in the internal carotid and/or bifurcation), whereas increased cholesterol was related to plaque only. 20 We have quantified associations of risk factors with individual segments and walls of the extracranial carotid arteries in 280 individuals with known coronary status. We found for the group as a whole that sex, postmenopausal status, LDL cholesterol, systolic blood pressure, and history of myocardial infarction all had statistically significant relationships with IMT at individual segments and/or walls, but no differences in these relationships among segments or between walls could be detected. On the other hand, and of considerable interest, we also found that certain risk factors had different associations with one or the other segment or wall of the carotid artery. In particular, age, prior history of hypertension, and BMI in women were associated with bifurcation/internal carotid disease more than with common carotid disease, and diabetes and smoking had stronger effects on the far wall than the near wall. CAD status had associations with IMT that varied both among segments and between walls. Unfortunately, the small number of blacks in our sample precluded us from identifying significant differences on the basis of race.
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These observations have bearing on use of various protocols for identification of associations of risk factors with extracranial carotid disease. We have used these data to estimate the relative efficiency of evaluating any particular site as opposed to all 12 sites for detecting cross-sectional relationships. Our analyses suggest that there may be no optimum subset of sites for the detection of cross-sectional relationships; none that we examined provided uniformly greater statistical power than the comparisons based on all walls for the full panel of risk factors addressed in our study. Thus, while investigators may wish to base cross-sectional relationships on analyses limited to a subset of sites, they cannot rule out the importance of measuring all 12 sites. Some evidence exists that the same may be the case for relationships with IMT progression. In the ACAPS, investigators found that if relationships were equal in magnitude across sites, the greatest statistical efficiency was obtained when progression rates were based on all 12 walls. 7 Of interest, we 8 and others 21, 22 have previously made similar observations regarding the associations of extracranial carotid disease with prevalent and incident symptomatic vascular disease. Certain limitations of these findings need to be mentioned. First, since these were cross-sectional measurements we cannot state that the associations we observed would pertain to progression of disease at one or another site. Second, since we excluded patients with prior history of endarterectomy, those with the most severe level of extracranial atherosclerosis have been excluded. Finally, by excluding patients with mildly obstructive coronary disease (Ͻ50% stenosis), we select those with the extremes of coronary status and lose some of the potential gradation of risk they might present.
We can only speculate broadly regarding the possible biological significance of these observations. Segments of the extracranial carotid arteries differ histologically, and segments and walls are differentially exposed to turbulent flow. The common carotid artery is a muscular artery, whereas the internal carotid artery is an elastic artery. 23 Conceivably these histological differences might increase or decrease the response of an arterial segment to one or another risk factor. Alternatively, turbulent flow is eccentric and complex in the extracranial carotid arteries and is most pronounced at the bifurcation and the internal carotid. The common carotid is less exposed to turbulent flow. Thus, a risk factor that affected the bifurcation or the internal carotid artery more than the common might be imagined to have a particular interaction with those forces that were associated with turbulent flow. Those factors that were particularly associated with disease that was eccentrically distributed might also be imagined to have an association with turbulent flow; however, the precise nature of this association is obscured by the complicated nature of atherosclerosis development in the setting of turbulent flow. Masawa et al 24 describe a helical pattern of atherosclerosis of the extracranial carotid arteries that affects most markedly the anterior (ventral) wall of the common carotid and bifurcation, the lateral and posterior wall of the transition between the bifurcation and the internal carotid, and the posterior (dorsal) wall of the mid internal carotid artery. Interrogation of the extracranial carotid arteries is often performed from several directions, and thus the precise anatomic position of the "near" or "far" wall depends on the angle of interrogation and may not be uniform for the common carotid, bifurcation, and internal carotid arteries of a given subject. Furthermore, in vitro comparisons of histology with near as opposed to far wall interrogation with B-mode show that ultrasonic identification of near wall IMT is less than that determined histologically because of a narrower intima in the ultrasonic IMT measurement. 25 For these reasons, the designation of "asymmetrical disease" is likely more precise than attribution of disease to near or far walls, per se.
In summary, our data demonstrate that many relationships between risk factors and IMT are heterogeneous among segments and between walls. This suggests protocols that include IMT measures from different segments and walls are prudent.
